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INTROJXJCTION

As part of a generalprogramto studythe coolingof recipro-
catingalrcrtit engines,an investigationwas conductedwith the
propellercuffsand epInnerremovedto determinetheireffectin
flighton the pressurerecoveryof the cooling-airflow.

Preliminarydata obtainedfrom prevlou.sflighttests indicated
that the inlet-pressurerecoveryof the coolingair was not so high
ae mightbe expected. Tho datafrom.theeepreviousflightswith
the cuffsand spinnerinstalledare comparedhereinwith the data
obtainedwith the cuffsand epinnerremoved. Curvesare presented
to compez’ethe pressureand temperaturedistrlbution overthe front
row of cylindersfor flightswith and withoutcuffe end spinner.

Thesetestswere conductedat the requestof the Army Air
Forces,MaterielConmuand,at the AlrcraPtIk@ne ResearchLaboratory
of the NACA at Cleveland,Ohio,duringthe sunmwrand fall of 1943.

The flight
engineairplane
havinga normal

KI?PARATUSMD TJ!STPRXXWRE

testswere conductedon the right engineof a twin-
poweredby two 2800-cubic-inchdisplacementengines
ratIng of 1500horsepowerat 2400 rpm.

The four hollow-steelbladeson a @-foot propellerwere fitted
with shank cuffsand a largediemeterspdrier. Flguree1 end 2 show
the propellerinetallationwith and withoutcuffsand spinner. The
apparatusused in the study@ cuffperformauce was the sameusedfor
the cooling-correlatIon tests~rted in raference1.
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The Press-s measured in these
NACA pressure reoorders,a reoordi~

testswere recordedby standard
multiplemancxneter& 30 0011s.

and a-lOO-tubeliquidm&nometer@o=ograph&d in fll@. The pressties
consideredwere the shieldedtotal-hetipressuresIn frontof cyl-
inders2, 6, and 16 end the btile entranoetotalpressuresfor the
frentbank & cylindersat the head and barrel. Thesepressures
providea surveyof the oooling-airfluu over the frent & the engine.

The cooling-airtemperaturerise aorossthe cylinderwas measured
by the?.mmoouplessuch as Tal) Td, aud Tab looatedon rakesin
front aP the engineand at the rear at eaoh cylinder. (Seefigs,3
and 4.) !llbermooouplessuch as T M and T 6 were Imbedded1/16 Inoh
in the rearmiddleof the cylinderwall.betweenthe firstand second
ciroumf’erentlalfins of the head and at the rear-middleciroumferentlal
~ln of the barrel,respectively.(Seeflg. 4,) The resultsof a
preliminaryInvestlgatlonIndicatedthat the temperaturesrecordedby
thermocouplesT 13 and T 6 had a constantrelationshipto the
averagecylinder-headand cylinder-barreltemperatures,respectively.
These thermocouplereadingswere thereforeselectedas a measureof
the oylindertemperaturesduringflight.

In additionto the instrumentsfor measuringpressuresand tem-
peraturesand the usualengineoperatingconditions,a torquemeter
and an inolimmeterwere Inohaded.

One fli@t withoutcuffsand spinnerwas made at a brakehorse-
powerof approximately1000aad an Indicatedairspeed& 200 miles
per hour at a densityaltItude& 5000feet. The enginewas operated
at speedsof 1800,2100,2400,and 2600rpm with cowlflapsclosed.
One run was made with cowlflapsopen at an enginespeedof 2400rpn.
Thesemns were canparedwith sMlar runsmade duringthe regular
coollng-testprogramwith the propellercuffsand spinnerInstalled.
(Seetable1.) No groundtestswere made with the cuffsand sphncr
rmnoved.

RIHJLTSAND ~ION

The comparisonof teQt datawas basedon the averagevaluesof
pressurerecovery, cylindertemperature,and cooling-airtemperature
rise thatwere determinedfor the front of the engine (tableI), and
the temperatureand pressuredlstributlon ovor the frentbank of
Oylinders(f18s, 5 to 9)●
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The pressures p are givenIn temne& free-streemimpaot
pressure ~ and were the differencebetweenthe totalpressure
at the meaeurlngpointand the statiopreesureof the free air.
Pressures for Indlvldualcj~inderswere averaged. The baffle
entranoepressureat the oyllnder head was taken as the aversge
of the pressuresreoordedat H~51, Hti52, HA53, Hd54; for
cylinders2~ 6, md 16, the prelwure’at Hdl was Inoluded. The
beffle entranoepressureat the cylinderbarrelwas takenas the
averageof the pressuresrecordedat Hab51, Hab52, Hab53,
inoluding Hai2 for cylinders2, 6,“end16.

The ooolhg-air tanperaturerise aorossthe headwas equalto
the dlfferenoebetween T~ d Tai. and the cooling+lr temper-
aturerise aorossthe barrelwas equalto the dMferenoe between
Tab and Tai. Cyltndertemperaturefor the bend and the barrel
were corrected In enoh C5se to the same cooling-airtemperature
observedwith the cuffsand spinneroff. Thle correctionwas made
aocordingto the coollngeqpationdevelopedfor this engine.

Becausea numberof thermocouplesand pressuretubeswere
dsmagedor broken,onlythosebsl.levedto be reliableare indicated
on the temperatureand pressuredistributioncharts. (See
figs. 5 to 9.)

The pressurerecove~ In frontof the h.dlvidualcyllndersand
the head and barreltemperaturesare ehownin fIgures5 to 9. These
figuresalso chow the cooling-airtemperaturerise aorossthe head
and the b=el for comparableconditionswith and withoutcuffsand
spinner.

With the cowlflapsclosed,a generalIncreaseIn the pressure
recoveryat the b~tttmof the enginewas obtainedwhen the cuffe
and s?lnnerwere rmnoved. At the top of the engine,no mxrked
dlfferenoewas observed,exoeptfor a BlightdecreaseIn the reoovery
In front of cyllnder2. (Seefigs. 5 to 8.)

When the cooling-airfluw was inoreased%y openhg the oowl
flaps,the pressurerecoveryon the cylinderheadswas not appre-
ciablyaffecte~by remow?lof the cul’fsand spinner. The cuffsand
splnnorwere st111 deflnitely detrtientalto frent pressurerecovery
over the barrelfor all cylindersexoept the two top cylinders2
and 1.8.

.-— —
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The cooling-airtemperaturerise and cylinder-temperaturepat-
ternsgene=lly followedthe pressure-recoverypatterne. Cylinder10
did not followthis trendbecausethe oooling-airtauperaturerise and
flowmay have been effectedby the proximityof the oil sump,whioh
also eervedas a head baffle.

A series& motion-picturestudiesat the air-flowcharacter-
isticsof the cowling,althoughlhnitedin extent,ind~cetedthat
acme ct the air.s~illedcut d the top of the cowlingentrance. More
turbulencewas ev?.dentat the top thn at tho bottomm? the cowling.
This epill~e end turbulencemay p~’tlyacccmntfor the low p=essure
recoveryof the top cylindersand the comparativelyhigherrecovery
at the bottam. Figures5 to 9 lndioatedthat the cuffsdid increase
the pressuserecomry for a fcw of the top cylinders. This increese
in pmmsure probablywas due to the fact that the cuffshelpedprevent
a spillageof the air from the top of the cowl.

With the cowlflaps closedand the ouffsand spinnerremoved,
the increasesin the averagepressurereooveryfor the frent cylinder
heads ~lad from 0.01 to 0.04 ~, for the differentcmginespeeds
tested. At the barrel,the increasesIn pressurerecoverywere fran
0.03 to 0.04 ~. (SeetabieI.)

With the cowlflaps open,no appreciableclifferencein the aver-
age pressurerecoverywas obsezvedat the cylinderhead; the increased
pressurerscsveryat the barrelwas the sam as with the cowlflaps
olosed.

The averagepressurerecoveryfor both the head and the barrel
~ ~eater vltho~tthe C~S end spinnerfor most of the conditions
tested. This increasedpressurereccveryresultedin a higher
ocmlir~-airflow,as shownby the smallertemperatureriso of the
coolingair acrossthe CJlindersand by the loweraverageoylinder
temperatures.

Althoughthe averagepressurerecoveryat the cylinderhead was
lowerfor the fli@t withoutcuffsand sphner, the averagepressure
drop acrossthe cylinderhead was higherwhen the oowlflapswere
open. The increasedpressuredrop acrossthe cylindersubstantiates
the lowercylindertemperaturesrecordedas oomparedwith thosedeter-
minedfor the fll@t with cuffsand spinner.

The maxtiumgain in pressurerecoveryobtainedby removingthe
cuffsand spinnerwas small. The pressurerecoveryover the frent
of the enginewas nevergreaterthan 0.75 ~.

——- ,—.— —..., —— ..- ,,,, ., .,,,
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No logioalvarfatlonof the pressurerecoverywith enginespeed
WM

.--, ,, ,. -----

Indicated by the results. -

>--------. .

suMdARYaFREnJLTs

From Umited flighttests,the effeotaF
on pressurerecoveryIn front of a double-row
twin-engineairplaneindicatesthat:

the ouffs and
radial engine

spinner
Ina

1. The removalof the ouffaand spinnercauseda slightgain In
the over-allcooling-ah pressurerec&ery obtainedwith ~he &ffs
and spinner.

2. Betterengineooolin.gin fll@htwas obtainedby removalof
the cuffsaud spinner.

AlroreftEngineResearchLaboratory,
NationalAdvleoryComultteefor AeronautIce,

Cleveland,Ohio,Maroh 29, 1944.
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1. Bell,E. Barton,Morgan,JamesE,, IMaher,JohnH,, am%
Hill, E.-John: Fil@t Invest@ ationof the Cooling
Charaoterlstlcsof a Two-RowRadialEn@e Installation.
I - CoollngComolatlon. NACA TN No. 1092,1946.
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Figure 1. - prOPe/ler equipped with shank cuffs and spinner,
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Figure 2. - Propeller mounted. with shank cuffs and spinner
removed.
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Fi~ure 3. - Front view of front ond reor cylinders showing pressure tube ond
thermocouple instollotion on front cylinder.
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Figure 4. - Rear view of front ond reor cylinders showing pressure tube ond
thermocouple instollotlon on front cylinder.
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Cylinder .CYlidor
Figure 5. - Pressure and temperature distribution for front cylinders with and without

propeller cuffs and spinner. Indicated airspeed, 200 miles per hour; engine speed,,
18!30 rpm; 1009 brake horsepower; cowl flaps closed. Cylinder temperatures with cuffs
and spinner corrected to flight conditions without cuffs and spinner.
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Cyllnder
Ffgure 7. - Pressure and temperature distribution for front cylinders with and without

.. propeller cuffs and spinner. Indicated airspeed, 200 miles per hour; engine speed, ,
2409 rpm; 1003 brake horsepower; cowl flaps closed. Cylinder temperatures with cuffs
and.spinner corrected to flight conditions without cuffs and spinner.
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Figure 3. - Pressure and temperature distribution for front cylinders with and without
propeller cuffs and spinner. Indicated airspeed, 200 miles per hour; engine speed,
2600 rpm; 1000 brake horsepower; cowl flaps closed: Cylinder temperatures with cuffs
and spinner corrected to flight conditions without cuffs and spinner.
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Figure 9. - Pressure and temperature distribution for front cylinders with and without
propeller cuffs and spinner. Indicated airspeed, 200 miles per hour; engine speed,
2400 rpm; 1000 brake horsepower; cowl flaps open. Cylinder temperatures with cuffs
and spinner corrected to flight conditions without cuffs and spinner.
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